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(54) APPARATUS FOR REDUCING FLUID IN BIOPSY TISSUE HANDLING SYSTEM FOR 
IMPROVING IMAGING QUALITY

(57) A tissue holder assembly including a base hav-
ing a bottom member, a central hub extending upwardly
from the bottom member, and a circumferential sidewall
extending upwardly from the bottom member radially
spaced apart from the hub, the circumferential sidewall
surrounding the hub and defining an interior region for
accommodating a cylindrical tissue holder; the base fur-
ther comprising a raised platform spaced upwardly apart
from the bottom member, an upper portion of the central
hub extending through a central opening of the platform,
wherein the hub supports the tissue holder; the bottom
member, the hub and the circumferential sidewall collec-
tively defining an annular fluid channel underlying the
platform, the fluid channel being in fluid communication
with a platform opening and extending around the hub
from the platform opening to a fluid exit port in the cir-
cumferential sidewall, to thereby provide unidirectional
fluid flow around the hub of the base.
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Description

TECHNICAL FIELD

[0001] This disclosure generally relates to the prepa-
ration of biopsy tissue specimens for imaging, and more
particularly, to devices and methods for reducing fluid in
an imaging field of a biopsy tissue handling apparatus
so that the fluid does not interfere with imaging a tissue
sample in the tissue handling apparatus.

BACKGROUND

[0002] Biopsies are well-known medical procedures in-
volving the removal of tissue from a living body and ex-
amining the tissue for diagnostic study, such as deter-
mining the presence, cause or extent of a disease. For
example, a biopsy of human breast tissue may be per-
formed for diagnosing breast cancer or other diseases.
In general, a biopsy can be performed by either an open
procedure or a percutaneous method. An open surgical
biopsy procedure involves making an open incision to
the site of the tissue of interest, cutting a sample of the
tissue, and removing the tissue through the open incision.
A percutaneous biopsy is performed by inserting a biopsy
device having a needle and a cutting device through a
small incision and advancing the needle and cutting de-
vice to the site of the tissue of interest. Then, the cutting
device cuts a sample of tissue, and the biopsy device
captures the tissue sample and removes the sample
through the small incision. Percutaneous biopsy devices
have used various means to remove the tissue sample,
such as simply removing the device out through the in-
cision with the captured tissue sample, or transporting
the tissue sample out through the device (e.g., using a
vacuum to aspirate the sample) where it can be removed
or drawn through a tube to a container. One advantage
of removing the tissue sample from the biopsy device is
that multiple samples may be taken without having to
remove the biopsy device.
[0003] The tissue sample is then examined for diag-
nosis by imaging the tissue sample using X-ray (while
previous X-ray imaging systems recorded on film, more
recent X-ray imaging system are digital and record using
semiconductor receptors), MRI (magnetic resonance im-
aging) or other suitable imaging device. For instance, the
tissue sample may be placed on an imaging substrate,
such as a tissue slide or film, and then placed into the
imaging device for taking an image.
[0004] Automated biopsy and imaging systems for per-
forming a biopsy and imaging a tissue sample have also
been disclosed. For example, U.S. Patent No. 9,492,130
B2 discloses an integrated biopsy analysis system hav-
ing a biopsy excision tool, a tissue sample transport
mechanism for automatically transporting an excised tis-
sue sample from the biopsy excision tool to an analy-
sis/imaging unit, and an analysis/imaging system for au-
tomatically analyzing tissue samples such as imaging

using an X-ray imaging device. U. S. Patent No.
9,492,130 B2 is hereby incorporated by reference herein
in its entirety. The disclosed system excises tissue sam-
ples, and transfers and places the excised tissue sam-
ples into a specimen holder having a plurality of tissue
accepting slots for placing a plurality of different tissue
samples. The imaging unit is configured to acquire im-
ages of the tissue samples in the tissue holder, such as
by acquiring individual images of each tissue sample in
its respective tissue accepting slot.

SUMMARY

[0005] The integrated biopsy systems for performing
a biopsy, described above, include a biopsy apparatus
for taking a biopsy, as well as an imaging system for
acquiring an image of each of the biopsied tissue sam-
ples. The excised tissue samples are individually trans-
ferred to a sample container of a tissue sample handling
apparatus and are then imaged by the imaging system
while in the tissue container. Various fluids are present
during the process of excising the tissue sample and
transporting the tissue sample from the biopsy site on
the patient to the tissue sample handling apparatus. For
example, bodily fluids such as blood, and surgical solu-
tions such as saline, anesthetic, bio-fluids, etc. may be
present at the location of the biopsy (or even flowing
through the biopsy apparatus) when taking the tissue
sample and/or drawing the tissue sample from the biopsy
apparatus. Because the biopsy samples are transported
from the biopsy site to the tissue sample handling appa-
ratus through a fluid pathway (e.g., tubing, flow passag-
es, etc.) by a vacuum, these fluids are deposited into the
tissue sample handling apparatus along with the tissue
samples.
[0006] It has been found that fluid in the imaging field
(the area being imaged by an imaging device) interferes
with the imaging process thereby reducing the quality of
the image as compared to an image acquired without the
fluid in the imaging field. For example, when acquiring
an image using an imaging device, such as an X-ray im-
aging device, fluid droplets within the imaging field, such
as fluid adhered to the bottom of a tissue sample holder,
the bottom of a housing holding the tissue sample holder,
or even on the surface of a cover above the tissue sample
holder, show up as artifacts blocking the image of tissue
of interest. The image of the specimen tissue can be used
more effectively for diagnosis if the specimen tissue
stands out with optimal contrast and sharpness from any
surrounding structure of the container or surrounding flu-
id and that any tissue having characteristics indicative of
cancer such as calcifications stand out from the normal
tissue. For instance, artifacts in the image may include
the container in which a tissue sample is being imaged
and other background, such as fluids transmitted with
the tissue sample. In addition to effective diagnosis, it is
important to confirm that quality images are acquired for
immediate assessment of the procedure, including ac-
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curate targeting of any lesion, and determining whether
any additional samples need to be taken. Taking quality
images further increases patient comfort by reducing the
time the patient remains under compression during the
biopsy procedure and reduces the possibility of needing
the patient to return to repeat the procedure because the
images were inadequate or incorrect tissue was recov-
ered.
[0007] Accordingly, various embodiments of the herein
disclosed inventions are directed to devices and methods
for reducing fluid from the imaging field of the tissue han-
dling apparatus, including keeping fluid from entering the
imaging field and/or removing fluid that enters the imag-
ing field.
[0008] A tissue holder assembly includes: a base, the
base comprising a bottom member, a central hub extend-
ing upwardly from the bottom member, and a circumfer-
ential sidewall extending upwardly from the bottom mem-
ber radially spaced apart from the hub, the circumferen-
tial sidewall surrounding the hub and defining an interior
region configured for accommodating a cylindrical tissue
holder; the base further comprising a raised platform
spaced upwardly apart from the bottom member, an up-
per portion of the central hub extending through a central
opening of the platform, wherein the hub is configured
for supporting the tissue holder; the bottom member, the
hub and the circumferential sidewall collectively defining
an annular fluid channel underlying the platform, the fluid
channel being in fluid communication with a platform
opening; wherein the fluid channel extends around the
hub from the platform opening to a fluid exit port in the
circumferential sidewall; and wherein the base further
comprises a flow comb underlying the platform opening
and extending into the fluid channel.
[0009] Optionally, the flow comb has an arcuate shape.
[0010] Optionally, the flow comb comprises at least
four flow channels.
[0011] Optionally, the flow comb comprises a hydro-
phobic coating and/or an anti-coagulant coating.
[0012] Optionally, the fluid channel is configured to pro-
vide unidirectional fluid flow around the hub through an
angular range that is at least 180°.
[0013] Optionally, the fluid channel is configured to pro-
vide unidirectional fluid flow around the hub through an
angular range that is 270° 6 20°.
[0014] Optionally, the hub of the base comprises a
spindle configured to receive the tissue holder, and
wherein the platform extends circumferentially around at
least a majority of a space between the hub and the cir-
cumferential sidewall.
[0015] Optionally, the tissue holder assembly further
includes a plenum in fluid communication with the fluid
channel, and a suction port configured to provide suction
in the plenum.
[0016] Optionally, the plenum is taller than the circum-
ferential sidewall of the base.
[0017] Optionally, the tissue holder assembly further
includes the tissue holder configured for placement in

the interior region, the tissue holder having a plurality of
tissue storage compartments, wherein a bottom of the
tissue holder comprises a filter that allows fluid in one or
more of the tissue storage compartments to pass there-
through.
[0018] Optionally, the tissue holder assembly further
includes a cover configured to detachably attach to the
base, wherein the cover comprises a tissue entry port
configured to deliver tissue sample at a location that is
above the platform opening.
[0019] Optionally, the flow comb has a length that is
longer than a dimension of the platform opening meas-
ured along a longitudinal axis of the fluid channel.
[0020] A tissue holder assembly includes: a base, the
base comprising a bottom member, a central hub extend-
ing upwardly from the bottom member, and a circumfer-
ential sidewall extending upwardly from the bottom mem-
ber radially spaced apart from the hub, the circumferen-
tial sidewall surrounding the hub and defining an interior
region configured for accommodating a cylindrical tissue
holder; the base further comprising a raised platform
spaced upwardly apart from the bottom member, an up-
per portion of the central hub extending through a central
opening of the platform, wherein the hub is configured
for supporting the tissue holder; the bottom member, the
hub and the circumferential sidewall collectively defining
an annular fluid channel underlying the platform, the fluid
channel being in fluid communication with a platform
opening; wherein the fluid channel extends around the
hub from the platform opening to a fluid exit port in the
circumferential sidewall; and wherein the tissue holder
assembly further comprises a plenum located outside
the circumferential sidewall, wherein the plenum is in fluid
communication with the fluid channel, and is in fluid com-
munication with a suction port configured to provide suc-
tion in the plenum.
[0021] Optionally, the suction port is located at one end
of the plenum.
[0022] Optionally, the plenum is taller than the circum-
ferential sidewall of the base.
[0023] Optionally, the suction port is also configured
to provide suction in the fluid channel.
[0024] Optionally, the fluid channel is configured to pro-
vide unidirectional fluid flow around the hub through an
angular range that is at least 180°.
[0025] Optionally, the fluid channel is configured to pro-
vide unidirectional fluid flow around the hub through an
angular range that is 270° 6 20°.
[0026] Optionally, the hub of the base comprises a
spindle configured to receive the tissue holder, and
wherein the platform extends circumferentially around at
least a majority of a space between the hub and the cir-
cumferential sidewall.
[0027] Optionally, the tissue holder assembly further
includes a flow comb below the platform opening, the
flow comb extending inside the fluid channel.
[0028] Optionally, the flow comb has a length that is
longer than a dimension of the platform opening meas-
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ured along a longitudinal axis of the fluid channel.
[0029] A tissue holder assembly includes: a base, the
base comprising a bottom member, a central hub extend-
ing upwardly from the bottom member, and a circumfer-
ential sidewall extending upwardly from the bottom mem-
ber radially spaced apart from the hub, the circumferen-
tial sidewall surrounding the hub and defining an interior
region configured for accommodating a cylindrical tissue
holder; the base further comprising a raised platform
spaced upwardly apart from the bottom member, an up-
per portion of the central hub extending through a central
opening of the platform, wherein the hub is configured
for supporting the tissue holder; the bottom member, the
hub and the circumferential sidewall collectively defining
an annular fluid channel underlying the platform, the fluid
channel being in fluid communication with a platform
opening; wherein the fluid channel extends around the
hub from the platform opening to a fluid exit port in the
circumferential sidewall, to thereby provide unidirectional
fluid flow around the hub of the base.
[0030] Optionally, the fluid channel is configured to pro-
vide the unidirectional fluid flow around the hub through
an angular range that is at least 180°.
[0031] Optionally, the fluid channel is configured to pro-
vide the unidirectional fluid flow around the hub through
an angular range that is 270° 6 20°.
[0032] Optionally, the tissue holder assembly further
includes a flow comb below the platform opening, the
flow comb extending inside the fluid channel.
[0033] Optionally, the flow comb has an arcuate shape.
[0034] Optionally, the flow comb comprises at least
four flow channels.
[0035] Optionally, the flow comb has a length that is
longer than a dimension of the platform opening meas-
ured along a longitudinal axis of the fluid channel.
[0036] Optionally, the tissue holder assembly further
includes a plenum, wherein the fluid channel is in fluid
communication with the plenum.
[0037] Other and further aspects and features will be
evident from reading the following detailed description.

DESCRIPTION OF THE DRAWINGS

[0038] The drawings illustrate the design and utility of
embodiments, in which similar elements are referred to
by common reference numerals. These drawings are not
necessarily drawn to scale. In order to better appreciate
how the above-recited and other advantages and objects
are obtained, a more particular description of the embod-
iments will be rendered, which are illustrated in the ac-
companying drawings. These drawings depict only ex-
emplary embodiments and are not therefore to be con-
sidered limiting in the scope of the claims.

FIG. 1 illustrates components of a tissue holder as-
sembly having a base, a cover, and a tissue holder;
FIG. 2 illustrates the tissue holder assembly of FIG.
1 as assembled;

FIG. 3 illustrates the tissue holder of FIG. 1;
FIG. 4 is a schematic view of a biopsy system com-
prising the tissue holder assembly of FIG. 1;
FIG. 5 illustrates a partial transparent view of the
tissue holder assembly of FIG. 1;
FIG. 6 illustrates the tissue holder assembly of FIG.1,
without the cover of the tissue holder assembly;
FIG. 7 illustrates a partial transparent view of the
base of the tissue holder assembly of FIG. 1;
FIG. 8 illustrates the base of the tissue holder as-
sembly of FIG. 1, particularly showing the base hav-
ing a platform;
FIG. 9 illustrates the base of FIG. 8, particular, show-
ing the platform of the base removed;
FIG. 10 illustrates a partial cut-away view of the tis-
sue holder assembly of FIG. 1, without the cover of
the tissue holder assembly;
FIG. 11 illustrates another partial cut-away view of
the tissue holder assembly of FIG. 1;
FIG. 12 illustrates the partial cut-away view of the
tissue holder assembly of FIG. 11, particularly show-
ing fluid flow direction;
FIG. 13 illustrates a flow chart of a method for using
and/or operating the tissue holder assembly of FIG.
1;
FIG. 14 illustrates another tissue holder assembly
having a base, a cover and a tissue holder;
FIG. 15 illustrates the tissue holder assembly of FIG.
14, particularly showing the cover of the tissue holder
assembly removed;
FIG. 16 illustrates a partial transparent view of a base
of another tissue holder assembly;
FIG. 17 illustrates the tissue holder assembly of FIG.
16, without the tissue holder, and with the cover par-
tially shown; and
FIG. 18 illustrates a method of removing fluid from
a tissue holder.

DETAILED DESCRIPTION

[0039] Various embodiments are described hereinaf-
ter with reference to the figures. It should be noted that
the figures are not drawn to scale and that elements of
similar structures or functions are represented by the
same reference numerals throughout the figures. It
should also be noted that the figures are only intended
to facilitate the description of the embodiments. They are
not intended as an exhaustive description of the invention
or as a limitation on the scope of the invention. In addition,
an illustrated embodiment needs not have all the aspects
or advantages shown. An aspect or an advantage de-
scribed in conjunction with a particular embodiment is
not necessarily limited to that embodiment and can be
practiced in any other embodiments even if not so illus-
trated, or if not so explicitly described.
[0040] FIGS. 1-3 illustrate one embodiment of a tissue
holder assembly 10 for receiving a plurality of tissue sam-
ples. The tissue holder assembly 10 includes a housing
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12 having a base 14 and a cover 16 which removably
attaches onto the base 14. The base 14 and attached
cover 16 form an interior or chamber in which a tissue
holder 18 is enclosed. The base 14 has a hub 35 with a
spindle 36 which receives a hub 38 of the tissue holder
18, such that the tissue holder 18 is rotatable relative to
the housing 12 about an axis 20. In other words, the base
14 and cover 16 remain stationary and the tissue holder
18 rotates within the chamber formed by the base 14 and
cover 16. The tissue holder 18 may be rotated using any
suitable actuator, and may include a magnet that is de-
tected by a hall effect sensor to identify when the tissue
filter is in a home position.
[0041] The base 14 has a bottom member 43 and a
circumferential sidewall 41 extending upward from the
bottom member 43. The bottom member 43 may com-
prise a substantially flat plate. The bottom member 43
has a plurality of retaining clips 45a, 45b which removably
attach to mating retainers on a chassis, frame, housing,
or the like, of a tissue biopsy system 50 (see FIGS. 1 and
4). A spindle 36 is attached to the bottom member 43
and extends upward from the bottom member 43. The
tissue holder 18 has a bottom 21 and a circumferential
sidewall 25 extending upward from the bottom 21. The
tissue holder 18 has a plurality of tissue storage com-
partments 22 (in this case, the tissue holder 18 has 13
tissue storage compartments 22, but any number of com-
partments 22 can be used) arranged angularly around
the tissue holder 18. The tissue storage compartments
22 are defined by radial dividing walls 23 extending ra-
dially from the hub 38 to the sidewall 25. The tissue stor-
age compartments 22 (also referred to as tissue contain-
ers 22) are separated, and partially formed, by radially
extending compartment walls 23. In this exemplary em-
bodiment, the tissue holder 18 has a circular shape such
that the tissue storage compartments 22 are wedge-
shaped (i.e., pie-shaped, sector of a circle), or a sector
of an annulus shape in the case that the central part of
each tissue storage compartment 22 does not extend all
the way to the axis 20. The tissue containers 22 connect
to the hub 38 of the tissue holder 18 that is centrally lo-
cated at the axis 20. The hub 38 is circular and has an
opening that allows the spindle 36 of the base 14 to fit
through the opening.
[0042] The bottom 21 of the tissue holder 18 has a
tissue filter 24 comprising a porous filter material. The
tissue filter 24 may be a single filter, such as a filter sheet,
which covers the entire bottom of the tissue holder 18.
Alternatively, the tissue filter 24 may be individual filters
disposed on the bottom of each tissue storage compart-
ment 22.
[0043] The tissue holder assembly 10 also includes a
platform 70 with a platform opening 72, and a fluid chan-
nel 78 located below the platform 70 (see dashed arrow
pointing to the fluid channel 78 below the platform 70).
The platform 70 has a planar horizontal surface. In some
embodiments, the bottom of the tissue holder 18 may
rest on the planar horizontal surface of the platform 70

as the tissue holder 18 rotates relative to the base 14. In
other embodiments, the bottom of the tissue holder 18
may be spaced away from the planar horizontal surface
of the platform 70 by a small distance, such as less than
0.5 mm, less than 0.2 mm, less than 0.1 mm, or less than
0.05 mm. The platform 70 extends around the hub 35.
In particular, the platform has a central opening that al-
lows an upper portion of the hub to extend therethrough.
The fluid channel 78 extends circumferentially around
the hub 35 of the base 14 underneath the platform 70,
and is in fluid communication with a plenum 80 at the
base 14. A suction line 48 is coupled to the plenum 80
for applying suction inside the plenum 80 and the fluid
channel 78. The tissue holder assembly 10 also includes
flow comb 74 below the platform opening 72. In some
embodiments, the flow comb 74 may extend from the
platform opening 72 into the fluid channel 78. During use,
fluid from the tissue holder 18 is drawn into the platform
opening 72 due to suction in the fluid channel 78 applied
by the suction line 48. The flow comb 74 breaks up the
fluid, and the fluid is transported by the fluid channel 78
around the hub 35 to reach the plenum 80. The plenum
80 allows a certain amount of fluid to be collected while
fluid is being suctioned by the suction line 48 out of the
plenum 80 via the outlet port 44 (also referred to as a
vacuum port 44). In some embodiments, the outlet port
44 has an inner diameter of 0.26 inch. In other embodi-
ments, the outlet port 44 may have an inner diameter of
other dimensions, which may be larger than 0.26 inch or
smaller than 0.26 inch.
[0044] The fluid channel 78 may extend circumferen-
tially around the hub 35, such that the fluid in the fluid
channel 78 of the base 14 will travel an angular distance
circumferentially around the hub 35 to reach the plenum
80. As shown in FIG. 1, fluid channel 78 extends about
270° circumferentially about the hub 35 and travels an
angular distance of about 270° to reach the plenum 80.
It is understood that the plenum may be located at any
other point along the fluid pathway, and that the fluid
channel 78 may extend through other angular ranges.
For example, in other embodiments, the fluid channel 78
may extend around the hub 35 through an angle that is
at least 30° and at most 300°. Also, in the illustrated em-
bodiments, the platform 70 extends circumferentially
around a majority of a space between the hub 35 and
the circumferential sidewall 41. In other embodiments,
the platform 70 may extend around the hub 35 by a range
that is different from that illustrated and/or may include
perforations, holes, and/or slits to allow liquid to pass
through platform 70 into the fluid channel.
[0045] As shown in FIG. 1, the tissue holder assembly
10 also includes an imaging platform 71 that corresponds
with an imaging position for imaging tissue samples. The
tissue holder assembly 10 includes an imager located
under the imaging platform 71. In particular, when a tis-
sue sample in the tissue holder 18 is placed above the
imaging platform 71, imaging may then be performed by
the imager underneath the imaging platform 71 to image
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the tissue sample. In some embodiments, the imaging
platform 71 is a molded piece having solid walls that is
raised above the bottom member 43 to prevent fluid from
collecting in and around an imaging area. During use,
one of the tissue storage compartments 22 containing
tissue sample to be imaged is placed above the imaging
platform 71. In some cases, the filter 24 at the bottom of
the tissue holder 18 may sit flush on the imaging platform
71. It should be noted that the imaging platform 71 is a
separate piece from the platform 70, and does not define
any fluid channel.
[0046] As shown in FIG. 1, the cover 16 also includes
a raised portion 92 that defines a vaulted compartment
corresponding to an imaging position of tissue samples.
In particular, when one of the tissue storage compart-
ments 22 containing tissue sample is placed below the
raised portion 92 and above the surface 71, imaging may
then be performed to image the tissue sample. The cover
92 also includes an anchor 98 configured to engage with
protrusion 99 at the circumferential sidewall 41 of the
base 14. To lock the cover 16 against the base 14, the
cover 16 may be placed over the base 14 to cover the
circumferential sidewall 41, and the cover 16 may then
be rotated relative to the base 14 to place the anchor 98
around the protrusion 99, thereby locking the cover 16
against the base 14. In the illustrated embodiments, there
are two anchors 98 on opposite sides of the cover 16 for
mating with respective protrusions 99 on opposite sides
of the circumferential sidewall 41. In other embodiments,
there may be more than two anchors 98 or only one an-
chor 98. Similarly, in other embodiments, there may be
more than two protrusions 99 on only one protrusion 99.
[0047] In some embodiments, the platform opening 72,
the fluid channel 78, and the flow comb 74 may be con-
sidered as parts of a fluid removal mechanism. The fluid
removal mechanism is configured for removing fluid from
the filter 24 underlying the bottom of a plurality of tissue
storage compartments 22 in order to improve the quality
of images acquired of tissue samples in the tissue storage
compartments. In other embodiments, the structures that
participate in defining the fluid channel 78 may also be
considered to be parts of the fluid removal mechanism.
For example, the platform 78 above the fluid channel 78,
a bottom member of the base 14 below the fluid channel
78, or both, may be considered to be parts of the fluid
removal mechanism. In further embodiments, the ple-
num 80, the suction line 48, or both, may be considered
to be parts of the fluid removal mechanism.
[0048] The tissue holder assembly 10 has a tissue
sample entry port 42 (also referred to as inlet port 42) at
the cover 16 to which an inlet tube 46 is connected (see
FIGS. 1 and 4). The other end of the inlet tube 46 is
connected to a biopsy excision tool 60 (see FIG. 4) such
that tissue samples excised by the biopsy excision tool
60 are transported from the biopsy excision tool 60
through the inlet tube 46, into the tissue holder assembly
10 and into one of the tissue storage compartments 22.
The outlet port 44 of the tissue holder assembly 10 is

connected to the suction tube 48. The other end of the
suction tube 48 is connected to the suction canister 62
or another suitable vacuum source (see FIG. 4). The vac-
uum port 44 draws liquid and/or other material, via the
fluid channel 78 and the plenum 80, out of the base 14,
and also provides a vacuum within the chamber formed
by the housing 12 for drawing tissue samples through
the inlet port 42 to be deposited in the respective tissue
storage compartments 22 of the tissue holder 18.
[0049] Referring to FIG. 4, a schematic of a tissue bi-
opsy system 50 is shown. While the schematic of FIG. 4
only shows certain features of the biopsy system 50, the
biopsy system 50 may be the biopsy system as disclosed
in U.S. Patent No. 9,492,130 B2, referenced above, and
may include any of the features disclosed therein. The
biopsy system 50 includes the tissue holder assembly
10, attached to a biopsy excision tool 60 and a suction
canister 62. The biopsy system 50 also includes an im-
aging unit 64 configured to capture images of tissue sam-
ples contained in each of the tissue storage compart-
ments 22. The imaging unit 64 has an imaging device
66, such as an X-ray imaging device 66, or other suitable
imaging device for capturing images. The imaging device
66 has an imaging field in which the imaging device 66
can acquire an image of material positioned in the imag-
ing field.
[0050] The tissue holder assembly 10 of will now be
described in further details with references to FIGS. 5-12.
FIG. 5 illustrates a partial transparent view of the tissue
holder assembly 10 of FIGS. 1-2. As shown in the figure,
the cover 16 is illustrated as being partially transparent
so that the tissue holder 18 under the cover 14 can be
seen. FIG. 6 illustrates the tissue holder assembly 10,
with the cover 16 removed. As shown in the figure, the
circumferential sidewall 41 of the base 14 defines a space
for accommodating the tissue holder 18. When the tissue
holder 18 is rotatably coupled to the base 14, the tissue
holder 18 is separated from the circumferential sidewall
41 of the base 14 by a gap 90. This allows the tissue
holder 18 to rotate relative to the base 14 without inter-
ference. FIG. 7 illustrates the base 14 of the tissue holder
assembly 10 with the cover 16 and the tissue holder 18
removed. As shown in the figure, the platform 70 of the
base 14 of the tissue holder assembly 10 is presented in
a partial transparent format in order to illustrate a part of
the flow comb 74 underneath the platform 70.
[0051] FIG. 8 illustrates the base 14 of the tissue holder
assembly 10, without the partial transparent representa-
tion of the platform 70. In the illustrated embodiments,
the platform opening 72 is formed between one end of
the platform 70, and the imaging platform 71. In other
embodiments, the platform opening 72 may be formed
within the platform 70 without utilizing the imaging plat-
form 71.
[0052] FIG. 9 illustrates the base 14 of the tissue holder
assembly 10, particular, showing the platform 70 re-
moved from the base 14. The imaging platform 71 and
the extent of the flow comb 74 can be seen. As shown
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in the figure, the base 14 includes a bottom member 76
surrounded by the circumferential sidewall 41 of the base
14. The bottom member 76 has an elevation that is below
that of the flow comb 74. In some embodiments, the im-
aging platform 71 and/or the flow comb 74 may be molded
together with the bottom member 76 of the base 14. As
shown in the figure, the flow comb 74 has an arcuate
shape, which allows fluid to be transported along a cur-
vilinear path from the platform opening 72 into the fluid
channel 78. In the illustrated embodiments, the flow comb
74 has six parallel flow channels 75. In other embodi-
ments, the flow comb 74 may have more than six parallel
flow channels 75 (e.g., seven, eight, nine channels, etc.),
or fewer than six flow channels 75 (e.g., five, four, three,
two channel). In some cases, the flow comb 74 may in-
clude at least four flow channels. Also, in the illustrated
embodiments, the flow comb 74 has a length that is long-
er than a dimension of the platform opening 72 measured
along a longitudinal axis of the fluid channel 78. In other
embodiments, the flow comb 74 has a length that is short-
er than, or the same as, a dimension of the platform open-
ing 72 measured along a longitudinal axis of the fluid
channel 78. Furthermore, in the illustrated embodiments,
a first part of the flow comb 74 adjacent the platform open-
ing 72 may have a first slope that is approximately vertical
(e.g., 90° 6 20°), a second part of the flow comb 74 fol-
lowing the first part may have a second slope that is ap-
proximately 45° 6 20°, and a third part of the flow comb
74 following the second part and extending inside the
fluid channel 78 may have a third slope that is approxi-
mately 0° 6 20°. In other embodiments, the flow comb
74 may have other sloping profiles. In some embodi-
ments, surface treatment may be applied to the flow comb
74 to assist in flow of fluid over the flow comb 74. For
example, in some embodiments, anti-coagulant coating,
hydrophobic coating, or other treatments may be applied
on the surface of the flow combs 74.
[0053] As shown in FIG. 10, the bottom member 76
and the platform 70 together define a fluid channel 78.
The platform 70 and the fluid channel 78 are located be-
low the tissue holder 18 when the tissue holder 18 is
coupled to the base 14. The fluid channel 78 is configured
to provide suction for transporting fluid through the fluid
channel 78. As used in this specification, the term "fluid
channel" may be any passage that is capable of trans-
porting fluid, such as gas (e.g., air) and/or liquid.
[0054] FIG. 11 illustrates a partial cut-away view of the
tissue holder assembly 10, particularly showing the tis-
sue holder 18 having been loaded inside the interior de-
fined by the base 14 and the cover 16. The cover 16 of
the tissue holder assembly 10 includes a protrusion 94
configured to mate with an opening 96 at the hub 38 of
the tissue holder 18. The lower part of the hub 38 of the
tissue holder 18 has an opening for receiving the hub 35
of the base 14. The hub 38 also has a slot for receiving
the spindle 36 of the base 14. Rotation of the spindle 38
will cause the tissue holder 18 to rotate relative to the
base 14. The protrusion 94 from the cover 16 and the

hub 35 of the base 14 extend into the hub 38 of the tissue
holder 18 from opposite directions, thereby stabilizing
the tissue holder 18 while it is being rotated by the spindle
36. Accordingly, the tissue holder 18 is removably cou-
pled to the spindle 36 (drive member) at the base 14, and
is configured to be selectively rotated by the spindle 36
about an axis that is substantially orthogonal (e.g. 90° 6
10°) with respect to the bottom member 76.
[0055] As shown in FIG. 11, the inlet port 42 at the
cover 16 is radially aligned with a respective tissue stor-
age compartment 22, and is also radially aligned with the
platform opening 72 formed at least partially with the plat-
form 70. Accordingly, when tissue sample with fluid is
delivered into the inlet port 42, the tissue sample and the
fluid will be deposited into the respective tissue storage
compartment 22. The tissue sample will be contained by
the filter 24 at the bottom of the tissue holder 18, while
fluid will exit through the filter 24, and will go through the
platform opening 72 of the platform 70. During use of the
tissue holder assembly 10, suction will be provided inside
the fluid channel 78 to help draw fluid from the bottom of
the tissue holder 18 into the platform opening 72.
[0056] FIG. 12 illustrates the partial cut-away view of
the tissue holder assembly 10 of FIG. 11, particularly
showing fluid flow direction. As shown, a tissue sample
and fluid from the biopsy device 60 (shown in FIG. 4)
enters into the tissue holder assembly 10 via the inlet
port 42. The tissue sample is deposited into one of the
tissue storage compartments 22 in the tissue holder 18.
The filter 24 at the bottom of the tissue holder 18 prevents
the tissue sample from exiting through the bottom of the
tissue holder 18, while allowing the fluid to pass there-
through. Due to suction provided in the fluid channel 78,
fluid enters into the platform opening 72 at the platform
70, and is broken up by the flow comb 74 inside the fluid
channel 78. The fluid is then transported, due to the suc-
tion force inside the fluid channel 78, through the fluid
channel 78, and exits via an exit port 97 at the circum-
ferential sidewall 41 of the base into the plenum 80. The
plenum 80 allows a certain amount of fluid to be collected
while fluid is being suctioned out of the plenum 80 via
the outlet port 44 (shown in FIG. 1) into suction line 48.
[0057] With reference to FIG. 13, a method 100 of using
and operating the tissue holder assembly 10 will now be
described. At item 102, the tissue holder assembly 10 is
installed into an automated biopsy system 50, such as a
system as described in U.S. Patent No. 9,492,130 B2,
described above, with the biopsy excision tool 60 con-
nected to the inlet tube 46, and a vacuum source con-
nected to the suction tube 48. The tissue holder assembly
10 or just the tissue holder 18 (e.g., a tissue holder 18
may be installed into the tissue holder assembly which
is installed in the system 50) may be manually installed
in the automated biopsy system 50, or the system 50
may include a robot which is configured to automatically
install the tissue holder assembly 10 or just the tissue
holder 18 into the system 50.
[0058] At item 104, the tissue holder 18 is rotated to
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position a first tissue storage compartment 22 at a loading
position of the tissue filter holder 18 such that a tissue
sample transported through the inlet port 42 will be de-
posited into the first tissue storage compartment 22 of
the tissue holder 18. When the first tissue storage com-
partment 22 is at the loading position, it is also above the
platform opening 72.
[0059] At item 106, a first tissue sample is excised us-
ing the biopsy excision tool 62, and the first tissue sample
is transported through the inlet tube 46 and inlet port 42
and is deposited into the first tissue storage compartment
22 of the tissue holder 18.
[0060] At item 108, fluid remnants accumulated on the
bottom surface of the filter 24 underlying the first tissue
storage compartment 22 is removed. In particular, suc-
tion is applied in the fluid channel 78 to draw fluid at the
bottom of the first tissue storage compartment 22 into
the platform opening 72. The fluid is then transported via
the fluid channel 78 to the plenum 80, and is suctioned
out of the plenum 80 via the suction line 48. The flow of
fluid in item 108 may occur in the manner shown in FIG.
12. In the illustrated embodiments, fluid is transported
counterclockwise in the fluid channel 78 from the channel
opening 72 to reach the plenum 80. In other embodi-
ments, the position of the plenum 80 relative to the plat-
form opening 72 may be changed, and the configuration
of the flow comb 74 may be flipped so that fluid is trans-
ported clockwise in the fluid channel 78 from the channel
opening 72 to reach the plenum 80.
[0061] Returning to FIG. 13, at item 110, the first tissue
storage compartment 22 is positioned in the imaging field
of the imaging unit 64 to acquire an image of the first
tissue sample in the first tissue storage compartment 22.
The imaging field may be located adjacent the platform
opening 72. In the illustrated embodiments, after suction
is applied to remove fluid at the bottom of the first tissue
storage compartment 22 (when the first tissue storage
compartment 22 is at the loading position), the tissue
holder 18 may be rotated clockwise to move the first tis-
sue storage compartment 22 from the loading position,
which is above the platform opening 72, to an imaging
position that is above the surface 71. Thus, in some em-
bodiments, fluid travels in the fluid channel 78 in a coun-
terclockwise direction, and the tissue holder 18 rotates
in a clockwise direction. Alternatively, the tissue holder
18 may rotate in a counterclockwise direction.
[0062] At item 112, an image of the first tissue sample
is acquired using the imaging unit 64.
[0063] At item 114, the tissue holder 18 is rotated to
position a second tissue storage compartment 22 at the
loading position of the tissue holder 18 such that a tissue
sample transported through the inlet port 42 can be de-
posited into the second tissue storage compartment 22.
This positioning may occur during the same movement
as item 110. In other words, as the first tissue storage
compartment 22 is moved to the imaging position, the
second tissue storage compartment 22 may be posi-
tioned at the loading position. When the second tissue

storage compartment 22 is at the loading position, it is
above the platform opening 72.
[0064] At item 116, a second tissue sample is excised
using the biopsy excision tool 60, and the second tissue
sample is transported through the inlet tube 46 and inlet
port 42 and is deposited into the second tissue storage
compartment 22 of the tissue holder 18.
[0065] At item 118, fluid remnants accumulated on the
bottom surface of the filter 24 underlying the second tis-
sue storage compartment 22 is removed. In particular,
suction is applied in the fluid channel 78 to draw fluid at
the bottom of the second tissue storage compartment 22
into the platform opening 72. The fluid is then transported
via the fluid channel 78 to the plenum 80, and is suctioned
out of the plenum 80 via the suction line 48. The flow of
fluid in item 108 may occur in the manner shown in FIG.
12.
[0066] Returning to FIG. 13, at item 120, the second
tissue storage compartment 22 is positioned in the im-
aging field for the imaging unit 64 to acquire an image of
the second tissue sample in the second tissue storage
compartment 22. Again, the imaging field may be located
just past the platform opening 72.
[0067] At item 122, an image of the second tissue sam-
ple is acquired using the imaging unit 64. The process is
repeated until all of the desired tissue samples have been
obtained, deposited into a tissue storage compartment
22 and images have been acquired for all of the respec-
tive tissue samples in each of the tissue storage com-
partments 22.
[0068] Alternatively, images of the tissue samples in
the tissue storage compartments 22 may be acquired
after all the samples are acquired. First, all of the tissue
samples are obtained and deposited into respective tis-
sue storage compartments 22 by rotating each tissue
storage compartment 22 to the loading position, excising
a tissue sample, and depositing the tissue sample into
its respective tissue storage compartment 22. Then, the
tissue holder 18 is rotated to remove the fluid from each
of the tissue containers 22 in the tissue holder 18 and
the tissue samples in the tissue holder assembly 10 are
imaged. The tissue samples may be imaged all at once
by taking a single image of all the tissue containers 22
in the tissue holder 18, processing the image to identify
the individual containers 22 and separating each image
from each container 22. Alternatively, the tissue holder
18 may be rotated to acquire a separate image of each
of the containers until images have been taken of all of
the respective tissue samples in each of the tissue con-
tainers 22. In yet another embodiment, the tissue holder
assembly 10 is placed in an imaging unit, such as an X-
ray imaging device. In a manual system, the filter assem-
bly 10 may be manually installed in the imaging unit 54.
[0069] In an automated and integrated system such as
the system described above, the tissue holder assembly
10 is already located in the imaging unit 64 while per-
forming the biopsy excisions, or a robot may place the
tissue holder assembly 10 in the imaging unit 64. The
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tissue holder 18 is then rotated to move a tissue storage
compartment 22 across the platform opening 72 for fluid
removal, the tissue storage compartment 22 is positioned
in the imaging position, and an image is acquired using
the imaging unit 64. This process is repeated for each of
the tissue storage compartments 22 having a tissue sam-
ple to be imaged.
[0070] It should be noted that the platform 70 of the
fluid removal system is advantageous because it keeps
fluid below it and shields the tissue holder 18 from fluid.
Without the platform 70, fluid may splash onto the image
platform 71 as the fluid enters the fluid holder assembly
10 and during transport of the fluid. In addition, the plat-
form 70 is advantageous because it prevents the housing
12 from filling up with fluid during use. Without the plat-
form 70, excess fluid may accumulate within the housing
12, and may rise to a level that would cause the tissue
samples in the tissue holder 18 to float. Also, running the
fluid channel 78 at least partially around the hub 35 of
the base 14 is advantageous because it provides a chan-
nel length that may allow some collection of fluid, and
may prevent over accumulation of fluid. In addition, the
flow comb 74 is advantageous because it breaks up fluid
into finer droplets for allowing easier suction of the fluid
by the suction force inside the fluid channel 78. The flow
comb 74 also allows fluid to flow easier inside the channel
78.
[0071] It should be noted that the tissue holder assem-
bly 10 is not limited to the configuration shown in the
above example, and that the tissue holder assembly 10
may have other configurations in other embodiments. For
example, in other embodiments, the cover 16 of the tissue
holder assembly 10 may have a slanted cover portion at
least partially defining a vaulted compartment that is
shielded from the inlet port (tissue entry port) 42. FIG. 14
illustrates another tissue holder assembly 10 in accord-
ance with other embodiments. The tissue holder assem-
bly 10 is the same as that described with reference to
FIGS. 1-3, except that the cover 16 has a slanted cover
portion 200. The slanted cover portion 200 at least par-
tially defines a vaulted compartment that is shielded from
the inlet port 42. The slanted cover portion 200 is advan-
tageous because the slope allows for fluid run off. In other
embodiments, the cover portion 200 may have other
shapes. For example, in other embodiments, the cover
portion 200 corresponding with the imaging space may
have a dome shape, a pyramid shape, a trapezoidal
shape, or other shapes.
[0072] The tissue holder assembly 10 of FIG. 14 is also
different from the one described with reference to FIGS.
1-3, in that the plenum 80 has a different size and shape.
In particular, the plenum 80 of FIG. 14 has a volume that
is larger than the one described previously. Also, the ple-
num 80 of FIG. 14 has a height that is taller than the
circumferential sidewall 41 of the base 14 (see FIG. 15).
FIG. 15 illustrates the tissue holder assembly 10 of FIG.
14, particularly showing the cover 16 of the tissue holder
assembly 10 removed. As shown in the figure, the plenum

80 has an opening 300 for receiving fluid from the fluid
channel 78 (not shown) under the platform 70. The open-
ing 300 and the outlet port 44 are located at opposite
ends of the plenum 80. During use, fluid from the bottom
of the tissue holder 18 enters the platform opening 72,
and is broken up by the flow comb 74 inside the fluid
channel 78 (not shown) under the platform 70. As shown
in FIG. 15, suction in the channel 78 causes the fluid to
be transported along the channel 78 that extends circum-
ferentially around the hub 35. The fluid then enters into
the opening 300 at a wall of the plenum 80 to reach the
cavity in the plenum 80. The fluid is then suctioned out
of the plenum 80 via the outlet port 44. The path of the
fluid is represented by the dashed arrow 210 in the figure.
[0073] FIGS. 16-17 illustrate another tissue holder as-
sembly 10 in accordance with other embodiments. The
tissue holder assembly 10 is the same as the one de-
scribed with reference to FIGS. 1-3, except that the ple-
num 80 has a different size and shape. In particular, the
plenum 80 of FIGS. 16-17 has a volume that is larger
than the one described previously with reference to FIGS.
1-3. Also, the plenum 80 of FIG. 16 has a height that is
taller than the circumferential sidewall 41 of the base 41.
As shown in FIG. 16, the plenum 80 includes a wall with
a first opening 300 that is in fluid communication with the
fluid channel 78 under the platform 70. The plenum 80
also includes a second opening 302 that is in fluid com-
munication with the outlet port 44. In FIG. 16, the platform
70 is illustrated in a partial transparent configuration to
show the components underneath it. As shown in the
figure, the tissue holder assembly 10 includes channel
sidewalls 310, 312 that cooperate with the platform 70
and the bottom member 76 (shown in FIG. 17) to define
the channel 78.
[0074] During use, fluid enters the platform opening
72, and is broken up by the flow comb 74 inside the fluid
channel 78 under the platform 70. As shown in FIG. 16,
suction in the channel 78 causes the fluid to be trans-
ported along the channel 78 that extends circumferen-
tially around the hub 35. The fluid then enters into the
first opening 300 at the wall of the plenum 80 to reach
the cavity in the plenum 80. The fluid is then suctioned
out of the second opening 302 at the plenum 80, and
exits via the outlet port 44. The path of the fluid is repre-
sented by the dashed arrow 210 in the figure.
[0075] As shown in FIG. 17, the tissue holder assembly
10 also includes a plenum cover 320 for covering the
plenum 80. The platform 70 and the channel sidewalls
310, 312 are removed to show the bottom member 76 of
the base 14.
[0076] In other embodiments, the sidewalls 310, 312
are optional, and the exterior wall of the hub 35 and the
interior surface of the circumferential sidewall 41 may
define the width of the fluid channel 48.
[0077] The tissue holder assembly 10 may have other
configurations in other embodiments, and should not be
limited to the embodiments described. For example, in
one or more embodiments described herein, the flow
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comb 74 is optional, and the tissue holder assembly 10
may not include the flow comb 74. Also, in other embod-
iments, the plenum 80 is optional, and the tissue holder
assembly 10 may not include the plenum 80. In such
cases, the suction line 48 may be coupled to the circum-
ferential sidewall 41 of the base 14, and the circumfer-
ential sidewall 41 of the base 14 may include an opening
for coupling with the suction line 48. In further embodi-
ments, the plenum 80 may be located away from the
base 14. For example, the suction line 48 may be con-
nected to the plenum 80 that is away from the base 14,
and another suction line coupled to the plenum 80 may
apply suction to remove fluid inside the plenum 80.
[0078] FIG. 18 illustrates a method 1800 of removing
fluid from a tissue holder. The method 1800 is performed
using the tissue holder assembly 10. The method 1800
includes receiving, by the tissue holder, a tissue sample
and fluid, wherein the tissue holder comprises a bottom
with a filter, and wherein the tissue holder is rotatably
coupled to a base of a tissue holder assembly, the base
having a hub (item 1802). The method 180 also includes
applying suction to remove the fluid from the bottom of
the tissue holder, wherein the suction is applied through
a fluid channel that is under a platform of the tissue holder
assembly below the tissue holder (item 1804). The meth-
od 1800 further includes transporting the removed fluid
via the fluid channel, wherein the removed fluid is trans-
ported by the fluid channel around the hub of the base
in a unidirectional manner (item 1806).
[0079] Optionally, in the method 1800, the removed
fluid is transported to a plenum. Optionally, the method
1800 further includes breaking up the fluid via a flow
comb. Optionally, the method 1800 further includes a
platform opening, and wherein the flow comb is below
the platform opening and extends within the fluid channel.
Optionally, in the method 1800, the tissue holder assem-
bly comprises a base having a base member, the base
member and the platform defining the fluid channel, and
wherein the fluid is transported between the base mem-
ber and the platform. Optionally, in the method 1800, the
removed fluid is transported along an arc path. Option-
ally, the method 1800 further includes a platform opening,
wherein the tissue holder assembly comprises a cover
with a tissue entry port, and wherein the method further
comprises delivering the tissue sample via the tissue en-
try port onto the tissue holder at a location that is above
the platform opening.
[0080] Aspects of the invention also relate to the fol-
lowing clauses:

Clause 1. A tissue holder assembly comprising:

a base, the base comprising a bottom member,
a central hub extending upwardly from the bot-
tom member, and a circumferential sidewall ex-
tending upwardly from the bottom member ra-
dially spaced apart from the hub, the circumfer-
ential sidewall surrounding the hub and defining

an interior region configured for accommodating
a cylindrical tissue holder;
the base further comprising a raised platform
spaced upwardly apart from the bottom mem-
ber, an upper portion of the central hub extend-
ing through a central opening of the platform,
wherein the hub is configured for supporting the
tissue holder;
the bottom member, the hub and the circumfer-
ential sidewall collectively defining an annular
fluid channel underlying the platform, the fluid
channel being in fluid communication with a plat-
form opening;

wherein the fluid channel extends around
the hub from the platform opening to a fluid
exit port in the circumferential sidewall; and
wherein the base further comprises a flow
comb underlying the platform opening and
extending into the fluid channel.

Clause 2. The tissue holder assembly of clause 1,
wherein the flow comb has an arcuate shape.

Clause 3. The tissue holder assembly of clause 1,
wherein the flow comb comprises a plurality of flow
channels.

Clause 4. The tissue holder assembly of clause 1,
wherein the flow comb comprises a hydrophobic
coating.

Clause 5. The tissue holder assembly of clause 1,
wherein the flow comb comprises an anti-coagulant
coating.

Clause 6. The tissue holder assembly of clause 1,
wherein the fluid channel is configured to provide
unidirectional fluid flow around the hub through an
angular range that is at least 30°.

Clause 7. The tissue holder assembly of clause 1,
wherein the hub of the base comprises a spindle
configured to receive the tissue holder.

Clause 8. The tissue holder assembly of clause 1,
wherein the platform extends circumferentially
around at least a majority of a space between the
hub and the circumferential sidewall.

Clause 9. The tissue holder assembly of clause 1,
further comprising a plenum in fluid communication
with the fluid channel, and a suction port configured
to provide suction in the plenum.

Clause 10. The tissue holder assembly of clause 9,
wherein the plenum has a height that is greater than
a height of the circumferential sidewall of the base.
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Clause 11. The tissue holder assembly of clause 1,
further comprising the tissue holder configured for
placement in the interior region, the tissue holder
having a plurality of tissue storage compartments,
wherein a bottom of the tissue holder comprises a
filter that allows fluid in one or more of the tissue
storage compartments to pass therethrough.

Clause 12. The tissue holder assembly of clause 1,
further comprising a cover configured to detachably
attach to the base, wherein the cover comprises a
tissue entry port configured to deliver tissue samples
at a location that is above the platform opening.

Clause 13. The tissue holder assembly of clause 1,
wherein the flow comb has a length that is longer
than a dimension of the platform opening measured
along a longitudinal axis of the fluid channel.

Clause 14. A tissue holder assembly comprising:

a base, the base comprising a bottom member,
a central hub extending upwardly from the bot-
tom member, and a circumferential sidewall ex-
tending upwardly from the bottom member ra-
dially spaced apart from the hub, the circumfer-
ential sidewall surrounding the hub and defining
an interior region configured for accommodating
a cylindrical tissue holder;

the base further comprising a raised plat-
form spaced upwardly apart from the bot-
tom member, an upper portion of the central
hub extending through a central opening of
the platform, wherein the hub is configured
for supporting the tissue holder;
the bottom member, the hub and the cir-
cumferential sidewall collectively defining
an annular fluid channel underlying the plat-
form, the fluid channel being in fluid com-
munication with a platform opening;

wherein the fluid channel extends around the
hub from the platform opening to a fluid exit port
in the circumferential sidewall; and
wherein the tissue holder assembly further com-
prises a plenum located outside the circumfer-
ential sidewall, wherein the plenum is in fluid
communication with the fluid channel, and is in
fluid communication with a suction port config-
ured to provide suction in the plenum.

Clause 15. The tissue holder assembly of clause 14,
wherein the suction port is located at one end of the
plenum.

Clause 16. The tissue holder assembly of clause 14,
wherein the plenum has a height that is greater than

a height of the circumferential sidewall of the base.

Clause 17. The tissue holder assembly of clause 14,
wherein the suction port is configured to communi-
cate a source suction with the fluid channel.

Clause 18. The tissue holder assembly of clause 14,
wherein the fluid channel is configured to provide
unidirectional fluid flow around the hub through an
angular range that is at least 30°.

Clause 19. The tissue holder assembly of clause 18,
wherein the fluid channel is configured to provide
unidirectional fluid flow around the hub through an
angular range that is 300°.

Clause 20. The tissue holder assembly of clause 14,
wherein the hub of the base comprises a spindle
configured to receive the tissue holder, and wherein
the platform extends circumferentially around at
least a majority of a space between the hub and the
circumferential sidewall.

Clause 21. The tissue holder assembly of clause 14,
further comprising a flow comb below the platform
opening, the flow comb extending inside the fluid
channel.

Clause 22. The tissue holder assembly of clause 21,
wherein the flow comb has a length that is longer
than a dimension of the platform opening measured
along a longitudinal axis of the fluid channel.

Clause 23. A tissue holder assembly comprising:

a base, the base comprising a bottom member,
a central hub extending upwardly from the bot-
tom member, and a circumferential sidewall ex-
tending upwardly from the bottom member ra-
dially spaced apart from the hub, the circumfer-
ential sidewall surrounding the hub and defining
an interior region configured for accommodating
a cylindrical tissue holder;

the base further comprising a raised plat-
form spaced upwardly apart from the bot-
tom member, an upper portion of the central
hub extending through a central opening of
the platform, wherein the hub is configured
for supporting the tissue holder;
the bottom member, the hub and the cir-
cumferential sidewall collectively defining
an annular fluid channel underlying the plat-
form, the fluid channel being in fluid com-
munication with a platform opening;

wherein the fluid channel extends around the
hub from the platform opening to a fluid exit port
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in the circumferential sidewall, to thereby pro-
vide unidirectional fluid flow around the hub of
the base.

Clause 24. The tissue holder assembly of clause 23,
wherein the fluid channel is configured to provide the
unidirectional fluid flow around the hub through an
angular range that is at least 30°.

Clause 25. The tissue holder assembly of clause 24,
wherein the fluid channel is configured to provide the
unidirectional fluid flow around the hub through an
angular range that is 300°.

Clause 26. The tissue holder assembly of clause 23,
further comprising a flow comb below the platform
opening, the flow comb extending inside the fluid
channel.

Clause 27. The tissue holder assembly of clause 26,
wherein the flow comb has an arcuate shape.

Clause 28. The tissue holder assembly of clause 26,
wherein the flow comb comprises at least four flow
channels.

Clause 29. The tissue holder assembly of clause 26,
wherein the flow comb has a length that is longer
than a dimension of the platform opening measured
along a longitudinal axis of the fluid channel.

Clause 30. The tissue holder assembly of clause 23,
further comprising a plenum, wherein the fluid chan-
nel is in fluid communication with the plenum.

Clause 31. A method of removing fluid from a tissue
holder, the method comprising:

receiving, by the tissue holder, a tissue sample
and fluid, wherein the tissue holder comprises
a bottom with a filter, and wherein the tissue
holder is rotatably coupled to a base of a tissue
holder assembly, the base having a hub;
applying suction to remove the fluid from the bot-
tom of the tissue holder, wherein the suction is
applied through a fluid channel that is under a
platform of the tissue holder assembly below the
tissue holder; and
transporting the removed fluid via the fluid chan-
nel, wherein the removed fluid is transported by
the fluid channel around the hub of the base in
a unidirectional manner.

Clause 32. The method of clause 31, wherein the
removed fluid is transported to a plenum.

Clause 33. The method of clause 31, further com-
prising breaking up the fluid via a flow comb.

Clause 34. The method of clause 33, the tissue hold-
er comprising a platform opening, and wherein the
flow comb is below the platform opening and extends
within the fluid channel.

Clause 35. The method of clause 31, wherein the
tissue holder assembly comprises a base having a
base member, the base member and the platform
together defining the fluid channel, and wherein the
fluid is transported between the base member and
the platform.

Clause 36. The method of clause 31, wherein the
removed fluid is transported along an arc path.

Clause 37. The method of clause 31, the tissue hold-
er comprising a platform opening, the tissue holder
assembly comprising a cover with a tissue entry port,
wherein the method further comprises delivering the
tissue sample via the tissue entry port onto the tissue
holder at a location that is above the platform open-
ing.

[0081] Although particular embodiments have been
shown and described, it will be understood that it is not
intended to limit the claimed inventions to the preferred
embodiments, and it will be obvious to those skilled in
the art that various changes and modifications may be
made without department from the spirit and scope of
the claimed inventions. The specification and drawings
are, accordingly, to be regarded in an illustrative rather
than restrictive sense. The claimed inventions are intend-
ed to cover alternatives, modifications, and equivalents.

Claims

1. A tissue holder assembly comprising:

a base, the base comprising a bottom member,
a central hub extending upwardly from the bot-
tom member, and a circumferential sidewall ex-
tending upwardly from the bottom member ra-
dially spaced apart from the hub, the circumfer-
ential sidewall surrounding the hub and defining
an interior region configured for accommodating
a cylindrical tissue holder;
the base further comprising a raised platform
spaced upwardly apart from the bottom mem-
ber, an upper portion of the central hub extend-
ing through a central opening of the platform,
wherein the hub is configured for supporting the
tissue holder;
the bottom member, the hub and the circumfer-
ential sidewall collectively defining an annular
fluid channel underlying the platform, the fluid
channel being in fluid communication with a plat-
form opening;
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wherein the fluid channel extends around the
hub from the platform opening to a fluid exit port
in the circumferential sidewall, to thereby pro-
vide unidirectional fluid flow around the hub of
the base.

2. The tissue holder assembly of claim 1, wherein the
fluid channel is configured to provide the unidirec-
tional fluid flow around the hub through an angular
range that is at least 30°.

3. The tissue holder assembly of claim 2, wherein the
fluid channel is configured to provide the unidirec-
tional fluid flow around the hub through an angular
range that is 300°.

4. The tissue holder assembly of claim 1, further com-
prising a flow comb below the platform opening, the
flow comb extending inside the fluid channel.

5. The tissue holder assembly of claim 4, wherein the
flow comb has an arcuate shape.

6. The tissue holder assembly of claim 4, wherein the
flow comb comprises at least four flow channels.

7. The tissue holder assembly of claim 4, wherein the
flow comb has a length that is longer than a dimen-
sion of the platform opening measured along a lon-
gitudinal axis of the fluid channel.

8. The tissue holder assembly of claim 1, further com-
prising a plenum, wherein the fluid channel is in fluid
communication with the plenum.

9. A method of removing fluid from a tissue holder, the
method comprising:

receiving, by the tissue holder, a tissue sample
and fluid, wherein the tissue holder comprises
a bottom with a filter, and wherein the tissue
holder is rotatably coupled to a base of a tissue
holder assembly, the base having a hub;
applying suction to remove the fluid from the bot-
tom of the tissue holder, wherein the suction is
applied through a fluid channel that is under a
platform of the tissue holder assembly below the
tissue holder; and
transporting the removed fluid via the fluid chan-
nel, wherein the removed fluid is transported by
the fluid channel around the hub of the base in
a unidirectional manner.

10. The method of claim 9, wherein the removed fluid is
transported to a plenum.

11. The method of claim 9, further comprising breaking
up the fluid via a flow comb.

12. The method of claim 11, the tissue holder comprising
a platform opening, and wherein the flow comb is
below the platform opening and extends within the
fluid channel.

13. The method of claim 9, wherein the tissue holder
assembly comprises a base having a base member,
the base member and the platform together defining
the fluid channel, and wherein the fluid is transported
between the base member and the platform.

14. The method of claim 9, wherein the removed fluid is
transported along an arc path.

15. The method of claim 9, the tissue holder comprising
a platform opening, the tissue holder assembly com-
prising a cover with a tissue entry port, wherein the
method further comprises delivering the tissue sam-
ple via the tissue entry port onto the tissue holder at
a location that is above the platform opening.
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